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(S) Ethylene polymerisation process. 

(57) The present invention relates to an ethylene 
polymerisation process carried out with the aid 
of a catalyst system of the Ziegler-Natta type 
comprising a titanium based catalyst. The pro- 
cess is performed such that the ethylene 
polymerisation takes place in the presence of a 
halogenated hydrocarbon compound. In most 
of the cases the halogenated hydrocarbon com- 
pound is used in a quantity such that the molar 
ratio of the halogenated hydrocarbon com- 
pound to titanium of the catalyst is in the range 
from 0.01 to 1.8. Preferably the halogenated 
hydrocarbon compound is chloroform or 
trichloro- 1,1,1, ethane. 
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The present invention relates to an ethylene poly- 
merisation process using a Ziegler-Natta type cata- 
lyst sytem. 

According to EP-B- 1 92 427 it is known to produce 
ethylene polymers by a gas phase polymerisation 
process carried out in two consecutive polymerisa- 
tion reactors. According to this process, the catalyst 
used can be chosen from a wide variety of catalysts. 
However when this process is performed using a ti- 
tanium based catalyst, ethane formation was very of- 
ten observed in particular in the first reactor where 
hydrogen content is relatively high for producing poly- 
mers having a high melt index. 

According to EP-A-197 689 it is known to poly- 
merise olefins with a vanadium based catalyst used 
in the presence of chloroform as a catalyst promoter. 

A process has now been found for the production 
of ethylene polymers carried out with a Ziegler-Natta 
type catalyst which makes it possible to substantially 
reduce the formation of ethane, in particular when a 
polymer having a high melt index is produced from a 
reaction mixture having a relatively high hydrogen 
content. 

The present invention provides an ethylene poly- 
merisation process carried out with the aid of a cata- 
lyst system of the Ziegler-Natta type comprising a ti- 
tanium based catalyst characterised in that the ethy- 
lene polymerisation takes place in the presence of a 
halogenated hydrocarbon compound. 

According to the invention the ethylene polymer- 
isation is carried out in the presence of a halogenated 
hydrocarbon compound. In fact, it has been found, 
surprisingly, that a halogenated hydrocarbon com- 
pound enables the formation of ethane to be substan- 
tially reduced. This result is of particular interest if the 
polymerisation reaction is carried out with limited 
losses in a gaseous reaction mixture because of sig- 
nificant recycling of gaseous reaction mixture into the 
polymerisation reactor. In this case, owing to the 
presence of the halogenated compound the polymer- 
isation reaction can be carried out using a gaseous 
reaction mixture having a low ethane content, while 
keeping the losses of gaseous reaction mixture to a 
low value. 

The use of the halogenated compound is of par- 
ticular interest when the reaction mixture contains hy- 
drogen. More particularly the process of the inven- 
tion is useful when the reaction mixture contains hy- 
drogen in a quantity such that the molar ratio of hy- 
drogen to ethylene is higher than 0.5. However the 
halogenated hydocarbon compound can be usefully 
employed even in the absence of hydrogen. 

The halogenated hydrocarbon compound can be 
a monohalogenated or a poly halogenated hydrocar- 
bon compound. Halogen atom(s) of the compound 
can be chlorine, bromine or iodine. Preferably the ha- 
logenated compound is chloroform or trichloro-1,1,1 
ethane. 



The halogenated hydrocarbon is generally used 
in a quantity such that the molar ratio of halogenated 
compound to the titanium in the catalyst is in the 
range from 0.01 to 1.8, and preferably in the range 
5 from 0.05 to 0.5. Typically t his ratio is around 0. 1 . Sur- 
prisingly within these ranges no substantial variation 
of the average activity of the catalyst is observed. 

The titanium based catalyst can be a catalyst 
comprising essentiaiy atoms of titanium, halogen and 
10 magnesium. The catalyst can be employed directly or 
previously supported on a granular inorganic support 
selected for example from refractory products for ex- 
ample alumina, silica, aluminium silicate or magne- 
sium silicate. 

15 The titanium based catalyst is preferably a solid 

catalyst of particulate type comprising magnesium, 
chlorine, titanium atoms as well as a granular support 
based on refractory oxide. This catalyst is prepared 
by a process comprising 
20 a) in a first step, bringing a granular support 

based on refractory oxide, having hydroxyl 
groups, into contact with an organometallic corn- 
pond comprising a dialkylmagnesium or the dia- 
Ikylmagnesium and a trialkylaluminium, 
25 b) in a second step, bringing the product resulting 

from the first step into contact with a monochlor- 
inated organic compound of general formula 
R 6 R 7 RgCCI or of the general formula 
R 9 R 10 RnCCI, in which R$ and R 7 are identical or 
30 different alkyl radicals comprising from 1 to 6 car- 

bon atoms, R& is a hydrogen atom or an alkyl rad- 
ical comprising from 1 to 6 carbon atoms which is 
identical to or different from Re and R 7 , and R 9 is 
an aryl radical comprising from 6 to 10 carbon 
35 atoms and R 10 and R n are identical or different 

radicals chosen from hydrogen, alkyl radicals 
comprising from 1 to 6 carbon atoms and aryi rad- 
icals having from 6 to 10 carbon atoms, which are 
identical to or different from R 9 , and 
40 c) in a third step, bringing the product resulting 

from the second step into contact with at least 
one tetravalent titanium compound. 
The granular support based on refractory oxide 
has hydroxyl groups and advantageously has a spe- 
45 cif ic surface area (BET) of between 50 and 1000 rr^/g 
and a pore volume of between 0.5 and 5 ml/g. 

The quantity of hydroxyl groups in the support 
depends on the support used, on its specific surface 
area and on the physicochemical treatment and the 
so drying to which it has been subjected. Generally, a 
support ready for use contains from 0.1 to 5, prefer- 
ably from 0.5 to 3, millimoles of hydroxyl groups per 
gram. The granular support is preferably free from 
free water at the time of its use in the preparation of 
55 the catalyst. The free water can be removed from the 
granular support by known means, such as a heat 
treatment performed in the range from 100°C to 
950°C. The support can be chosen, for example, from 
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a silica, an alumina, a silica/alumina or a mixture of 
these oxides and be composed of particles having a 
weight average diameter in the range from 20 to 250 
microns, preferably between 30 and 300 microns. A 
silica is preferably used. 

The first step of the preparation of the solid cat- 
alyst consists in bringing the granular support into 
contact with an organometallic compound comprising 
a dialkylmagnesium of general formula 
MgR 1 R 2 

or the dialkylmagnesium and a trialkylaluminium of 
general formula 

AIR3R4R5 

in which R lf R 2 , R 3 , R4 and R 5 are identical or different 
alkyl radicals comprising from 1 to 12 carbon atoms, 
preferably from 2 to 8 carbon atoms. The molar ratio 
of t he amount of trialkylaluminium to the amount of di- 
alkylmagnesium preferably should not exceed 1. 

Dibutylmagnesium, dihexylmagnesium, butyle- 
thylmagnesium, ethylhexylmagnesium or butyloctyl- 
magnesium are the preferred dialkylmagnesium. 

When the dialkylmagnesium is used with a trialk- 
ylaluminium, it is possible to prepare beforehand an 
addition compound of general formula 

MgR^, x AIR 3 R4R5 
in which R 1( R 2 , R 3 , R4 and R 5 are defined as above 
and x is a number equal to or less than 1 . The addition 
compound can be prepared by known methods, such 
as heating at a temperature in the range, preferably, 
from 30 to 100°C, of a mixture of dialkylmagnesium 
and trialkylaluminium in solution in a liquid hydrocar- 
bon medium. An addition compound between dibutyl- 
magnesium and triethylaluminium, or dihexylmagne- 
sium and triethylaluminium, or butyloctylmagnesium 
and triethylaluminium is preferably used. 

The dialkylmagnesium, the trialkylaluminium or 
the addition compound are, preferably, used in the 
form of a solution in a liquid hydrocarbon, such as n- 
hexane or n-heptane. 

The first step, like, moreover, the other steps of 
the preparation of the solid catalyst, is carried out in 
a liquid hydrocarbon medium consisting of at least 
one saturated hydrocarbon, such as n-butane, n-pen- 
tane, isopentane, n-hexane or n-heptane, this hydro- 
carbon being inert with respect to the various com- 
pounds involved in the preparation of the solid cata- 
lyst. 

During the first step, the organometallic com- 
pound becomes fixed on the granular support It is 
believed that this fixation results from a reaction be- 
tween the hydroxyl groups of the granular support 
and the organometallic compounds, and/or from a 
physicochemical adsorption, probably due in part to 
a complexation of the organometallic compounds by 
certain oxygen atoms of the refractory oxide. This or- 
ganometallic compound can be fixed to the support 
in complex form, in particular in dimer or trimer form. 
Generally, the value of a support can be estimated by 
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its total capacity for fixing the organometallic com- 
pound. Its maximum fixing capacity obviously de- 
pends on the nature of the support, on its specific 
surface and on the physicochemical treatment and 
5 the drying to which the support can have been sub- 
jected beforehand. Generally, the maximum fixing ca- 
pacity of a support can be from 1 to 5 millimoles of or- 
ganometallic compound per gram of support. This 
maximum capacity can be easily determined by a 

10 man skilled in the art, by means of previous trials. 

The molar amount of organometallic compound 
(i. e. dialkylmagnesium and trialkylaluminium) to be 
used can be in deficiency, or identical, or in excess 
relative to the number of moles of hydroxyl groups 

15 present in the support. However, in order to avoid us- 
ing an excessive amount of organometallic com- 
pound, the amount of this compound effectively used 
is generally only slightly higher than the maximum 
amount capable of being fixed to the granular sup- 

20 port. During the first step of the process any molar 
amount of the organometallic compound can be used. 
However, it is recommended to use a total amount of 
organometallic compound, of 0.1 to 7.5 millimoles, 
preferably of 0.5 to 4.5 millimoles and more particu- 

25 larly of 1 to 3.5 millimoles per gram of the support. 

The first step can be carried out in various ways. 
It is possible, for example, to add the organometallic 
compound to the granular support, previously sus- 
pended in the liquid hydrocarbon medium. This addi- 

30 tion can be carried out for example over a period of 
between 10 and 300 minutes, with stirring and at a 
temperature of between 0°C and 80°C. If a dialkyl- 
magnesium and a trialkylaluminium are used, these 
are brought into contact with the granular support 

35 either at the same time or by successive additions of 
the two compounds in arbitrary sequence or by addi- 
tion of the mixture previously formed by these two 
compounds, to the liquid hydrocarbon medium con- 
taining the granular support. . 

40 If the organometallic compound has been used in 

excess relative to the amount corresponding to the 
maximum fixing capacity of the support, and the 
amount of organometallic compound which has re- 
mained free in the liquid medium after bringing into 

45 contact is excessive, the excess organometallic com- 
pound not fixed in the support can be removed by fil- 
tering off and/or by one or more washings wit h the aid 
of a liquid hydrocarbon. However, it is possible to use 
a molar amount of organometallic compound which 

50 can be up to 1.5 times the amount of organometallic 
compound corresponding to the maximum fixing ca- 
pacity of the support without it subsequently being 
necessary to remove the excess organometallic com- 
pound not fixed in the support. 

55 The second step of the preparation of the solid 

catalyst consists in bringing the solid product result- 
ing from the first step into contact with a monochlor- 
inated organic compound. This compound can be an 

3 
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alky! monochloride of general formula 
R^RjRgCGI 

in which R 6 and R 7 are identical or different alkyl rad- 
icals comprising from 1 to 6 carbon atoms and R e is 
a hydrogen atom or, preferably, an alkyl radical com- 
prising from 1 to 6 carbon atoms, which is identical to 
or different from Re and R 7 . The alkyl monochloride 
must be chosen from the secondary alkyl monochlor- 
ides or, preferably, the tertiary alkyl monochlorides. 
Secondary propyl chloride or secondary butyl chlor- 
ide can be used. Good catalysts are obtained with 
tert-butyl chloride. 

The monochlorinated organic compound can also 
be a compound comprising at least one aryl radical, 
of general formula R 9 R 10 RnCCI in which R 9 is an aryl 
radical comprising from 6 to 10 carbon atoms and R 10 
and Rn are identical or different radicals chosen from 
hydrogen, alkyl radicals comprising from 1 to 6 carbon 
atoms and aryl radicals having from 6 to 10 carbon 
atoms, which are identical to or different from R 9 . 
Amongst the compounds comprising at least one aryl 
radical, benzyl chloride or 1 -phenyl- 1-chloroethane is 
preferably used. 

The chlorination of the organometallic com- 
pounds fixed in the granular support is considerably 
improved by the use of secondary or tertiary alkyl 
monochlorides or of monochlorinated organic com- 
pounds comprising at least one aryl radical. 

During this step, the monochlorinated organic 
compound is used in a relatively small amount which 
nevertheless enables a solid product to be formed 
which is substantially free from basic groups capable 
of subsequently reducing a transition metal com- 
pound, such as a tetravalent titanium compound, 
used during^ he third step. The proportion of residual 
reducing basic groups is such that less than 10%, 
preferably less than 5%, of the transition meta! in the 
intermediate solid product resulting from the third 
step are in the reduced state. 

The amount of monochlorinated organic com- 
pound used is such that the molar ratio of the amount 
of monochlorinated organic compound to the amount 
of metal of the organometallic compound contained in 
the product resulting from the first step is between 1 
and 3.5, preferably at least 1.5 and at most 3.0. 

If there is compliance with this amount of mono- 
chlorinated organic compound to be used, not only 
does the product resulting from the second step con- 
tain little or no basic functional groups capable of re- 
ducing a compound of a transition metal at its maxi- 
mum valency, but also at the end of the step there is 
no longer an excess of monochlorinated organic com- 
pound which has not reacted and remains in the free 
state in the liquid hydrocarbon medium. Generally, 
the residual amount of monochlorinated organic com- 
pound at the end of this step is negligible, and does 
not exceed about 1000 parts per million by weight 
(ppm) in the liquid hydrocarbon medium. Thus, it is 



therefore no longer necessary to wash the solid prod- 
uct resulting from the second step. Nor is it necessary 
to purify the liquid hydrocarbon medium after each 
preparation of the catalyst. 
5 The second step of the preparation of the solid 

catalyst is carried out by bringing the monochlorinat- 
ed organic compound into contact with the product re- 
sulting from the first step, at a temperature in the 
range from 0°C to 90°C, preferably from 20°C to 60°C. 
w The reaction can be carried out in various ways, for 
example by adding the monochlorinated organic com- 
pound to the product resulting from the first step sus- 
pended in the liquid hydrocarbon medium. This addi- 
tion is carried out for example, over a period of be- 
ts tween 10 and 600 minutes, and with stirring. 

The third step of the preparation of the solid cat- 
alyst consists in bringing the product resulting from 
the second step into contact with at least one tetra- 
valent titanium. Compounds which can be chosen 
20 are, in particular, a tetravalent titanium compound of 
general formula 

Ti(OR) m X4_ m 

in which formula R is an alkyl radical comprising from 
2 to 6 carbon atoms, X is a chlorine or bromine atom, 
25 m is an integer or fraction equal to or higher than 0 
and less than 4.Titanium tetrachloride is preferably 
used. 

It is possible to fix by impregnation in the granular 
support a relatively large amount of titanium com- 

30 pound, avoiding any reduction of this compound. 
When the titanium compound is reduced to a valency 
state lower than the maximum valency during the 
preparation of the catalyst, the latter generally has a 
reduced activity in the polymerisation of ethylene. For 

35 this reason, the product resulting from the second 
step is substantially free from basic group capable of 
reducing the titanium compound. The product ob- 
tained under the-particular chlorination conditions 
during the second step is particularly suitable forfix- 

40 ing a large capacity of titanium compounds. This en- 
ables an amount of tjtanium compound to be used 
such that the atomic ratio of the amount of titanium 
to the amount of metal of the organometallic com- 
pound contained in the granular support is between 

45 0.1 and 0.9. The result of this is that the major pro- 
portion, if not all, of the amount of titanium compound 
used is fixed in the support with an unchanged valen- 
cy state. 

At the end of this step, the amount of titanium 
so which has remained in the free state in the liquid hy- 
drocarbon medium can be relatively small. Advanta- 
geously, it may not be necessary to wash t he-sol id 
product resulting from this final step. The product can 
therefore be used directly as solid catalyst in ethylene 
55 polymerisation. 

The third step is generally carried out at a tem- 
perature in the range from 0 to 1 50°C, preferably from 
20 to 120°C. In practice, the reaction can be carried 
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out in various ways. For example, it is possible to add 
the titanium compound to the product resulting from, 
the second step, suspended in the hydrocarbon liquid 
medium. This addition is carried out for example over 
a period of between 10 and 300 minutes, and with stir- 5 
ring. 

The third step can be carried out in accordance 
with a variant which advantageously enables a solid 
catalyst to be produced which has a particularly high 
activity in the polymerisation or the copolymerisation 10 
of ethylene. It consists, in particular, in bringing the 
product resulting from the second step into contact 
with, firstly, atleast one titanium compound rich in ha- 
logen and then with at least one titanium compound 
which has a low halogen content or is free from halo- 15 
gen. The titanium compound rich in halogen is chos- 
en, in particular, from a tetravalent titanium com- 
pound of general formula 

Ti(OR)pX4. p 

in which R and X have the definition identical to the 20 
above definitions, p is an integer or fraction equal to 
or greater than 0 and less than 2. Titanium tetrachlor- 
ide is preferably used. 

The titanium compound having a low halogen 
content or free from halogen is chosen in particular 25 
from a tetravalent titanium compound of general for- 
mula 

Ti(OR) r X4_ r 

in which R and X have a definition identical to the 
above definitions, r is an integer or fraction equal to 30 
or greater than 2 and less than or equal to 4. In par- 
ticular, the compound which has a low halogen con- 
tent or is free from halogen is a titanium tetraalkoxide. 
It is preferably chosen from titanium tetraisopropox- 
ide,titanium tetra-n-propoxide, titanium tetrabutox- 35 
ide, titanium tetraethoxide. 

The proportion of titanium compounds which 
have a low halogen content or are free from halogen 
relative to those rich in halogen, used during this step, 
can be such that the molar ratio between the former 40 
and the latter is between 0.1 and 3, preferably be- 
tween 0.2 and 2. 

The conditions under which the two successive 
operations of bringing into contact are carried out cor- 
respond to those defined above for the use of a single 45 
titanium compound. In particular, the total amount of 
titanium compounds is such that the atomic ratio of 
the total amount of titanium to the amount of metal of 
the organometallic compound contained in the gran- 
ular support is between 0.1 and 0.9, preferably be- so 
tween 0.2 and 0.7. 

The solid catalyst resulting from this third step 
comprises a support based on refractory oxide in 
which halogenated magnesium, tetravalent titanium 
compounds are fixed. The atomic ratio between the 55 
amount of magnesium and the amount of titanium in 
the solid product can be generally from 2 to 8, prefer- 
ably from 2.5 to 5. 



An electron donor compound such as a Lewis 
base can be employed during any one of the steps of 
the preparation of the catalyst, but it is not essential. 
The quantity of electron donor compound added, if it 
is used in the preparation of the catalyst may be lim- 
ited to a very small proportion. 

The cocatalyst is an organometallic compound of 
a metal of groups I to III of the periodic classification 
of the elements. It is generally chosen from organoa- 
luminium compounds, such as trialkylaluminium, al- 
kyialuminium hydrides, chlorides or alcoholates or or- 
ganozinc compounds such as diethylzinc. 

Within the ethylene polymerisation process of 
the invention, the titanium based catalyst is advanta- 
geously used in the form of a prepolymer in particular 
when the process is a gas phase polymerisation proc- 
ess. This prepolymer is prepared by bringing the cat- 
alyst into contact with ethylene, optionally mixed with 
one or more alpha-olefins. This bringing into contact 
can be effected by known techniques, in particular in 
suspension in a liquid hydrocarbon, in one or more 
steps. It is generally carried out with stirring, at a tem- 
perature of between 10 and 100°C, preferably be- 
tween 40 and 90°C and under a pressure generally 
higher than atmospheric pressure and lower than 2 
MPa. The duration of this bringing into contact can be 
between 1 0 and 900 minutes and is such that the pre- 
polymer obtained is in the form of a solid containing 
from 10 to. 200 g, preferably from 20 to 1 00 g, of poly- 
mer per millimole of titanium. The prepolymer is pre- 
pared in the presence of cocatalyst and, optionally, in 
the presence of hydrogen. 

Using the process of the invention various poly- 
mers of ethylene such as homopolyethylenes or co- 
polymers of ethylene with at least one alpha-olefin 
having for example from 3 to 8 carbon atoms can be 
prepared. 

The ethylene polymerisation process can be a 
slurry or a solution process. 

The ethylene polymerisation process can be ad- 
vantageously a gas phase polymerisation process 
performed in a gas phase polymerisation reactor con- 
taining a gaseous reaction mixture. This gaseous re- 
action mixture comprises ethylene and in most cases 
hydrogen. Moreover, it can comprise but-1-ene, hex- 
ene, or another alpha-olefin. Hydrogen is generally 
used in an amount such that the ratio of the partial 
pressures between hydrogen and ethylene in the 
gaseous mixture is in the range of 0 to 2. For produc- 
ing high melt index polymers this ratio is in most of the 
cases between 1 and 1.5. The gaseous reaction mix- 
ture can comprise, in addition to the ethylene to be 
polymerised an inert gas, and in particular nitrogen. 

The total pressure of the gaseous reaction mix- 
ture is generally higher than atmospheric pressure, 
and in order to increase the rate of polymerisation, it 
can range from 0.5 to 5 MPa and preferably from 1 to 
3 MPa. The temperature in the polymerisation reactor 
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is held at a value appropriate for the desired rate of 
polymerisation, without, however, being too close to 
the softening temperature of the polymer produced. 
The temperature is preferably in the range between 
30 and 115°C and more preferably from 50 to 110°C. 

The gas phase polymerisation reactor can be 
chosen from apparatus of types such as f luidised bed 
reactors, stirred bed reactors, stirred by a mechanical 
stirrer, or by apparatus comprising a fluidised and ' 
stirred bed. Fluidised bed reactors are usually used 
by passing through a rising stream of reaction gas at 
a rate of generally between 20 and 100 cm per sec- 
ond. 

According to one particular embodiment of the in- 
vention the ethylene polymerisation can be the one 
stage of a multistage ethylene polymerisation proc- 
ess performed in several reactors. This stage can be 
advantageously a stage wherein relatively high quan- 
tity of hydrogen is used. 

The following examples illustrate the present in- 
vention. 

The figure shows diagrammatically an apparatus 
which comprises two fluidised bed reactors, connect- 
ed to each other by a special device used in example 
1 . The apparatus comprises a first f luidised-bed reac- 
tor (1), comprising at (2) the ethylene polymer to be 
formed. The alpha-olef in or alpha-olefins to be poly- 
merised are introduced into the reactor (1) by pipeline 
(3) and (4) ; a gas such as hydrogen and/or inert gas 
such as nitrogen may be intoduced via line (5). The re- 
actor (1) is fed with catalyst or catalyst system by 
means of the pipe (6) and optionally with cocatalyst 
by means of the pipe (7). The gaseous reaction mix- 
ture leaving the reactor (1) via the pipe (8) is cooled 
in heat exchanger (9) before being compressed in the 
compressor (10) and recycled into the reactor (1) via 
the pipe (4). A part of the polymer present in the re- 
actor (1) leaves this reactor accompanied by gaseous 
reaction mixture, via the pipe (11); this pipe (11) pro- 
vided with a valve (12) is connected to a discharge 
vessel (13). The polymer powder isolated in the dis- 
charge vessel (13) is tranferred via the outlet valve 
(14) and a pipe (15) into a decompression chamber 
(16) .A part of the gaseous reaction mixture decom- 
pressed in decompression chamber (16) may be re- 
cycled by means of a pipe (17) and a compressor (18) 
in the pipe (8) of the reactor (1). The polymer powder 
is then transferred via a full-bore valve (19) in the 
compression chamber (20) equipped with valves (21 ) 
and (22) which are closed and the valve (23) which is 
opened. The valve (19) is then closed. The polymer 
powder collected in the compression chamber (20) is 
placed under pressure by means of the gaseous re- 
action mixture coming from the second polymerisa- 
tion reactor via the pipe (24) and (25), by opening the 
valve (22), the valve (23) being closed. The polymer 
powder thus placed under pressure is then conveyed 
pneumatically, after the opening of the valve (21) via 



the transfer line (26) into the fluidised-bed reactor 
(27) containing at (28) the polymer powder; the pipe 
(26) is fed by a gas stream consisting of the reaction 
mixture coming the second polymerisation reactor 

5 (27) via the pipe (24). A pipe (38) making it possible 
to introduced an activating agent leads into the tran- 
sition line (26). After pneumatic conveyance of the 
polymer as far as the reactor (27), the valves (21 ) and 
(22) are closed and the compression chamber (20) is 

10 . degassed by opening the valve (23); the gas leaving 
the compression chamber (20) may be recycled into 
the second polymerisation reactor (27) via the pipe 
(29) and the compressor (30). The reactor (27) con- 
tains at (28) the polymer powder being formed which 

15 is maintained in the fluidised state by means of a gas 
stream introduced into the reactor (27) via the pipe 
(31). The.alpha-olefin or alpha-olefins to be polymer- 
ised are introduced into the pipe (31) via the pipe ( 
32); a gas such as hydrogen and/or an an inert gas 

20 such as nitrogen may be introduced via the pipe (33). 
The gaseous reaction mixture leaving the reactor (27) 
via the pipe (34) is cooled in a heat exchanger (35), 
before being compressed in the compressor (36) and 
recycled to the reactor (27) via the pipe (31). The 

25 polymer powder present in the reactor (27) leaves the 
latter via the pipe (37) which is connected to the out- 
side by means of a withdrawal device (not shown). All 
the operations of the withdrawal, decompression, 
compression, transfer and introduction of the polymer 

30 into the re actor (2 7) are performed periodically, which 
makes it possible to provide regular operation of the 
installation. 

Each fluidised bed reactor essentially comprises 
a vertical cylinder surmounted by a tranquillising 
35 chamber and is provided in its lower part with a f luid- 
isation grid. 

This apparatus comprises a metering device (39), 
communicating alternatively with the decompression 
chamber (16) and the compression chamber (20); 
40 this metering device (39) comprises a cavity making 
it possible to withdraw a given quantity of polymer 
powder from the decompression chamber (16) and 
deliver it to the compression chamber (20) via a full- 
bore valve (19). 

45 

Example 1 

Preparation of a catalyst 

so A granular support consisting of a silica powder 

sold by GRACE (United States) under the trade des- 
ignation M SG 332" having a specific surface area 
(BET) of 300 rr^/g and a pore volume of 1 .7 ml/g was 
used. It comprised particles having a weight-average 

55 diameter of 80 microns. It was dried for 8 hours at 
200°C and a silica powder was obtained which was 
free from water and contained about 2 millimoles of 
hydroxyl group per gram. All of the operations were 
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carried out under an inert nitrogen atmosphere. 

600 ml of n-hexane, 60 g of dried silica were 
placed in a 1 litre stainless steel rector fitted with a 
stirring device rotating at 250 revolutons per minute. 
Then in the course of 1 hour, 180 millimoles of dibu- 5 
tylmagnesium, at a temperature of 20°C, were intro- 
duced into the reactor. The solid present in the reactor 
was then washed 5 times with 400 ml of n-hexane 
and a solid containing about 2.5 millimoles of magne- 
sium per gram of silica was obtained. 10 

The reactor was then heated to 50°C and 300 mil- 
limoles of tert-butyl chloride were introduced in the 
course of 1 hour, with stirring. At the end of this time, 
stirring of the mixture was continued for 1 hour at 
50°C and the mixture was then cooled to ambient 15 
temperature (20°C). A solid product (R) which con- 
tained chlorine and magnesium in a Cl/Mg molar ratio 
of 1.7 and which did not contain any groups having a 
reducing effect on titanium tetrachloride was obtained 
as a suspension in n-hexane. The liquid phase of this 20 
suspension contained 500 ppm of tert-butyl chloride. 

The reactor containing the suspension of the sol- 
id product (R) in n-hexane was then heated to 50°C. 
60 millimoles of titanium tetrachloride were intro- 
duced, with stirring, in the course of 1 hour. The mix- 25 
ture thus obtained was stirred for a further 2 hours at 
70°C and was then washed 3 times with 600 ml of n- 
hexane. 6 millimoles of dimethylfor.mamide were add- 
ed and the mixture was stirred for 1 hour at 50°C and 
then cooled to ambient temperature. A solid (S) sus- 30 
pended in n-hexane was thus obtained which con- 
tained 2.5 millimoles of magnesium and 0.78 millimole 
of tetravalent titanium per gram of silica. 

2 litres of n-hexane, 9.6 millimoles of tri-n-octyla- 
luminium and an amount of the solid product (S) con- 35 
taining 6 millimoles of titanium were introduced into a 
5 litre stainless steel reactor provided with a stirring 
device rotating at 750 revolutions per minute and 
heated to 70°C. A volume of 280 ml of hydrogen, 
measured under normal conditions, was then intro- 40 
duced into the reactor and ethylene was then intro- 
duced at a regular flow rate of 60 g/h for 4 hours. At 
the end of this time, the reactor was degassed and its 
contents were transferred to a rotary evaporator 
where the n-hexane was evaporated at 60°C under a 45 
partial vacuum. The ready-to-use solid catalyst (T) 
was thus obtained in the form of a powder consisting 
of particles having a weight-average diameter of 250 
microns and containing 40 g of polyethylene per mil- 
limole of titanium. 50 

Production of an ethylene polymer having a 
relative density of 0.952 

The process was carried out in an apparatus 55 
comprising two different fluidised bed reactors con- 
nected to one another by means of a transfer device 
constructed in accordance with the figure. 



The first reactor comprised a cylindrical part, hav- 
ing a vertical axis, 45 cm in diameter and 7.2 m high. 
The second reactor comprised a cylindrical part, hav- 
ing a vertical axis, 90 cm in diameter and 6 m high. 

The first reactor contained a fluidised bed, having 
a height of 1.9 m, of particles of ethylene polymer in 
formation and an ascending stream of a first gaseous 
reaction mixture rising at a rate of 50 cm/s and having 
a total pressure of 1.70 MPa and a temperature, 
measured at the outlet of the tranquillising chamber, 
of 95°C passed through this fluidised bed. 

The first gaseous reaction mixture comprised, by 
volume, 35% of ethylene, 0.3% of but-1-ene, 42% of 
hydrogen, 1% of ethane and 21.7% of nitrogen. As a 
result, the ratio of the partial pressures of hydrogen 
to ethylene was 1.2 and the ratio of the partial pres- 
sures of but-1-ene to ethylene was close to 0.01. The 
reactor was fed, with the aid of the pre polymer feed 
pipe, with a prepolymerised catalyst prepared as 
above, at a flow rate of 350 g/hour. In addition, it was 
fed with a solution of chloroform in n-hexane, at a 
chloroform flow rate of 260 mg/h. 

The polymer forming in this first reactor was pro- 
duced at a rate of 25 kg/hour and at a relative density 

The polymer forming in this first reactor was pro- 
duced at a rate of 25 kg/hour and at a relative density 
of 0.964, a but-1-ene content of less than 0.5% by 
weight, a titanium content of 17 ppm and a melt index, 
measured at 190°C under a charge of 2.16 kg, of 150 
g/10 minutes. 

This polymer was withdrawn from the first reactor 
at a flow rate of 25 kg/hour and was introduced at the 
same flow rate into the second reactor by means of 
the transfer device. The introduction of polymer into 
the second reactor was effected by means of the 
polymer feed line. 

In the polymer withdrawn from the first reactor, 
the fine polymer particles having a diameter of less 
than 125 microns represented less than 1% of all of 
the particles making up this polymer. 

The second reactor contained a fluidised bed, 
having a height of 1.5 m, of particles of ethylene poly- 
mer in formation, and an ascending stream of a sec- 
ond gaseous reaction mixture rising at a rate of 35 
cm/s and having a total pressure of 1.7 MPa and a 
temperature, measured at the outlet of the tranquillis- 
ing chamber, of 70°C passed through this fluidised 
bed. This second reaction mixture comprises, by vol- 
ume, 44% of ethylene, 0.8 % of 4-methylpent-1-ene, 
1 .3% of hydrogen and 53.9 % of nitrogen. As a result, 
the ratio of the partial pressures of hydrogen to ethy- 
lene was 0.03 and the ratio of the partial pressures 
of 4-methylpent-1-ene to ethylene was 0.018. The fi- 
nal polymer produced in the second reactor was with- 
drawn at a flow rate of 50 kg/hour and had a relative 
density of 0.952, a but-1-ene content of less than 
0.25% by weight, a 4-methy!pent-1-ene content of 
0.7% by weight, a titanium content of 9 ppm, a melt 
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index, measured at 190°C under a charge of 21 .6 kg, 
of 8 g/10 minutes and a molecular weight distribution, 
measured by the ratio between the weight-average 
molecular weight Mw and the number-average mo- 
lecular weight Mn, of 20. 

150 g of a homopolyethylene originating from a 
previous polymerisation were introduced as a powder 
charge in a 2.5-litre stainless reactor equipped with a 
stirring system for dry powder, rotating at 250 revolu- 
tions per minute and kept under nitrogen atmosphere, 
followed by a quantity of a prepolymer prepared in ex- 
ample 1 and containing 0.65 millimole of titanium. The 
reactor is heated to 90 °C and hydrogen and ethylene 
were introduced into it so as to obtain a ratio of the 
partial pressure of hydrogen to the partial pressure of 
ethylene of 1.25 and a partial pressure of ethylene of 
0.4 MPa. Ethylene was introduced into the reactor 
during the reaction so as to maintain constant the 
partial pressure of ethylene. After 3 hours' reaction 
590 g of polyethylene were produced, and the ethane 
formation was 7 g of ethane per kg of produced poly- 
ethylene. The average activity of the catalyst was 
equal to 76 g of polyethylene per 0.1 MPa of ethylene, 
per hour of reaction, and per millimole of titanium in 
the catalyst. 

Example 3 

The operation was carried out exactly as in ex- 
ample 2 except for the fact that 0.6 millimole of chloro- 
form was introduced into the reactor at the beginning 
of the reaction. After 2.42 hours' reaction 500 g of 
polyethylene were produced, and the ethane forma- 
tion was 3.5 g of ethane per kg of produced polyethy- 
lene. The average activity of the catalyst was of 80 g 
of polyethylene per 0.1 MPa of ethylene, per hour of 
reaction, and per millimole of titanium in the catalyst. 

Example 4 

The operation was carried out exactly as in ex- 
ample 2 except for the fact that 1 millimole of trichloro- 
1,1,1 ethane were introduced into the reactor at the 
beginning of the reaction. After 2.40 hours' reaction 
500 g of polyethylene were produced, and the ethane 
formation was 5.3 g of ethane per kg of produced 
polyethylene. The average activity of the catalyst was 
equal to 80 g of polyethylene per 0.1 MPa of ethylene, 
per hour of reaction, and per millimole of titanium in 
the catalyst. 



Claims 

1. An ethylene polymerisation process carried out 
with the aid of a catalyst system of the Ziegler- 
Natta type comprising a titanium based catalyst 
characterised in that the ethylene polymerisation 



takes place in the presence of a halogenated hy- 
drocarbon compound. 

2. A process according to claim 1 characterised in 
5 that the halogenated hydrocarbon compound is 

chloroform or trichloro- 1,1,1 , ethane. 

3. A process according to claim 1 or 2 characterised 
in that the halogenated hydrocarbon compound 

10 is used in a quantity such that the molar ratio of 

halogenated hydrocarbon compound to titanium 
of the catalyst is in the range from 0.01 to 1.8. 

4. A process according to any one of claims 1 to 3 
15 characterised in that the ethylene polymerisation 

is a gas phase polymerisation process. 

5. A process according to any one of claims 1 to 4 
characterised in that the ethylene polymerisation 

20 is performed in the presence of hydrogen. 

6. A process according to claim 5 characterised in 
that the ethylene polymerisation is performed in 
the presence of a quantity of hydrogen such that 

25 the molar ratio between hydrogen and ethylene 

is higher than 0.5. 

7. A process according to any one of claims 1 to 6 
characterised in that the titanium based catalyst 

30 contains essentially atoms of titanium, halogen, 

and magnesium. 

8. A process according to any one of claims 1 to 7 
characterised in that the titanium based catalyst 

35 is supported on a granular inorganic support 

9. A process according to claim 8 characterised in 
that the titanium based catalyst is prepared by a 
process comprising 

40 a) in a first step, bringing a granular support 

based on a refractory oxide, having hydroxyl 
groups, into contact with an organometallic 
compound comprising a dialkylmagnesium or 
a dialkylmagnesium and a trialkylaluminium. 

45 b) in a second step, bringing the product re- 

sulting from the first step into contact with a 
monochlorinated organic compound of gener- 
al formula ReRyReCCI or of the general formu- 
la R 9 R 10 RnCCI, in which R 6 and R 7 are iden- 

50 tical or different alkyl radicals comprising from 

1 to 6 carbon atoms, R 8 is a hydrogen atom or 
an alkyl radical comprising from 1 to 6 carbon 
atoms which is identical to or different from Re 
and R 7 , R 9 is an aryl radical comprising from 

55 6 to 10 carbon atoms and R 10 and R n are 

identical or different radicals chosen from hy- 
drogen, alkyl radicals comprising from 1 to 6 
carbon atoms and aryl radicals having from 6 
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to 10 carbon atoms, which are identical to or 
different from R 9 , and 

c) in a third step, bringing the product result- 
ing from the second step into contact with at 
least one tetravalent titanium compound. 5 

10. A multistage ethylene polymerisation process 
characterised in that one stage of the polymeri- 
sation is performed according to the process ac- 
cording to any one of claims 1 to 9. 10 
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